We develop the theory describing electric currents in magnetized plasma for the case of static equilibrium with isotropic pressure. The current density is determined by pressure balance and charge conservation. We show that the current density can be expressed as the sum of the current density determined by plasma pressure gradients, Jp = cVF x VP, and the force-free current density, Jf = gB, 
INTRODUCTION
An essential ingredient of the determination of the global structure of the magnetosphere is the representation of the electric current density. Such representations range from empirically based current loops Voigt [1986] for a review). Fundamental representations, derived from the momentum and charge conservation equations, have been given by Vasyliunas [1970 Vasyliunas [ , 1984 (see also Schindler and Birn [1978] and Hasegawa and Sato [1979] ) and used in the Rice convection model by Wolf and coworkers [Harel et al., 1981] .
Vasyliunas ' [ 1970] method of representation of the current density in isotropic plasma has several advantages over others. It expresses with particular physical clarity the formation of field-aligned currents as a result of the guidingcenter drift of the plasma along with the requirement of charge conservation in steady state. Being fundamental, in the sense that it describes the functional relation of the current density, the magnetic field geometry, and plasma pressure gradients, it offers a physically sound method of treating the origins and influences of field-aligned currents. Because the relation is expressed analytically, it also has the advantage of allowing a well-determined scheme for computation of magnetosphere-ionosphere coupling, a difficult problem if posed in terms of differential equations. The purpose of the present paper is to explore the nature of currents and magnetic fields in equilibrium magnetized plasma for the case where the pressure is isotropic and the inertial terms can be neglected. The current density is determined by the simultaneous requirements of pressure This paper is not subject to U.S. copyright. Published in 1990 by the American Geophysical Union.
Paper number 89JA02767. balance and charge conservation [Vasyliunas, 1970] . The principal result of the paper is that the plasma current density is expressible as the sum of pressure gradient and 
PLASMA CURRENTS
There are several levels of approximation possible in attempting to model a global hydromagnetic system such as the Earth' s magnetosphere (see Voigt [ 1986] for a review). In the present paper we shall adopt the simplest assumptions: the pressure is isotropic, the inertial terms can be neglected, and the system is in steady state. That is to say, we shall treat only systems in static equilibrium. While it is possible to relax the first two assumptions within the context of our methods, we adhere to them here because (1) they are reasonable approximations for the quiet magnetosphere and (2) they provide the clearest possible physical basis for the understanding of quasi-static current systems.
With the assumption of static equilibrium, the current density can be derived in the following way. The pressure balance equation 
JP 2 and the force-free current, Jf -gB. While it is true that the pressure gradient contribution in general has a component that is parallel to B and is therefore force free, we use the term "force free" in its traditional sense [Lundquist, 1950] (see Stern [1976] has been given by Vasyliunas [1970] . Now let us assume that the system is not symmetric. We wish to construct an expression for the current density at any point in the plasma without recourse to symmetry arguments. Equation (11) relates the current out of both ends of a flux tube to the plasma pressure gradients; in order to apply to asymmetric systems, it must be treated in such a way that the current I refers to each end of the flux tube separately. To do this, we return to equations (5) and (11) electric field can then be determined by mapping the 'pOtential along the field lines according to a model, e,g.:; equipotential field lines. A difficulty which one may anticipate in asymmetric models is the construction of the :flux tube function F; its definition is coupled to the ionospheric conductivity. This is a reasonable outline for the solution for a quasiequilibrium magnetosphere. One advantage of the method is that because of the linearity of the left-hand side of (49) the part of the scalar potential due to sources within the Earth is known analytically and can be subtracted off. This means that currents, particularly the field-aligned currents, can be computed in a way which is not especially sensitive to numerical grid spacing.
The results discussed above are appropriate for the case where the inertial terms in the momentum equation are negligible compared to pressure gradients. As such, the validity of the approach is limited to the inner magnetosphere. In addition, it is limited by the restriction to scalar pressure. The methods used in the solution for the current density, however, are of much greater generality than is apparent here. They can be used to proceed in two major directions: to the treatment of anisotropic pressure and of steady convection. Both of these topics will be treated in future papers.
APPENDIX

IMPLICATIONS
FOR MAGNETOSPHERIC MODELING
The formulation given here in terms of equation (49) 
